Background: Venous thromboembolism (VTE) epidemiology has been mainly studied
| INTRODUCTION
Venous thromboembolism (VTE), comprising deep vein thrombosis (DVT) and pulmonary embolism (PE), affects approximately 30 000-60 000 patients in Canada every year and up to 10 000 of them will die from it. 1 The epidemiology of VTE has been largely studied in populations from European descent, with much less known among people from other regions. It is conceivable that differences may exist in either the biological predisposition to VTE, such as varying rates of inheritable thrombophilia and obesity, or in the frequency of temporary risk factors for VTE, such as surgery, immobility, or cancer.
To date, little is known about the epidemiology of VTE among immigrants and in relation to ethnicity or place of origin. Canada is a relatively young country, and immigrants born outside of Canada comprise about 21% of the entire population. 2 In Canada's largest province-Ontario-the proportion is about 30%. Thus, Ontario provides an ideal setting to evaluate ethnicity and immigration as related to the risk of VTE.
A better understanding of this issue could enable the development of focused preventative strategies and interventions across ethnically diverse populations. If certain groups have lower incidence rates of VTE, it might be appropriate to consider this when conducting studies assessing VTE risk, thromboprophylaxis, anticoagulant treatment, or diagnostic strategies. This is important since it could result in reduction of health-care costs and risk of complications derived from unnecessary treatments.
Herein, we: (i) investigated the overall incidence of VTE in immigrants to Ontario, Canada and compared it to nonimmigrants and,
(ii) generated estimates of the incidence of VTE in immigrants to
Ontario, grouped by their world geographical region of origin, and estimated relative risks for different immigrant groups compared to immigrants from predominantly White countries.
| METHODS

| Study design and setting
We conducted a population-based retrospective matched cohort study using linked health-care and administrative databases in Ontario, comprising approximately 13 million residents. 3 In Ontario, residents have universal access to hospital and physician services.
The study was conducted at the Institute for Clinical Evaluative Sciences (ICES) according to a prespecified protocol and approved by the research ethics board at Sunnybrook Health Sciences Centre, Toronto, Canada.
| Data sources
We obtained data on patient characteristics, covariates, and outcomes using records from the linked databases. The datasets were linked using unique encoded identifiers and analyzed at ICES. 
| Patients
The immigrant cohort comprised residents of Ontario, identified in the CIC database, and whose landing date was between January 1, 2000 and December 31, 2010. The index date for the assessment of VTE (i.e, the start of follow-up or "time zero") was set at 182 days after the immigrant landing date, to account for the mandatory 3-month waiting time to obtain universal OHIP health coverage, and further allow for a 3-month lookback period for preexisting co- A person was excluded from either cohort if they had missing information about date of birth or sex, died prior to or on the index date, was no longer a resident of Ontario, or had a VTE during the 3-month lookback period.
| Study variables
Data were obtained about age, sex, country of origin, date of immigration, neighborhood median household income, urban or rural residence, and comorbidities captured between 3 months prior to the index date up to the end of the observation period.
The main study exposure of interest was an individual's region of origin as a proxy to ethnicity, using an algorithm based on the individual's country of origin in the CIC database ( Figure 1 and Supplementary 
| Study outcomes
The primary study outcome was the incident onset of VTE during the period of observation. A VTE diagnosis was based on a sensitive algorithm, as follows: (i) for a diagnosis of VTE as an outpatient, we required a combination of an OHIP Database diagnostic code for either DVT or PE and an OHIP fee code for leg ultrasound, ventilation-perfusion lung scan, or computed tomography pulmonary angiography-each within ±7 days of the other, or (ii) for inpatients, we required a combination of CIHI-DAD hospital discharge diagnosis of either DVT or PE and a diagnostic test procedure code in the same hospitalization. These algorithms have been previously validated in Canada (for both ICD 9 and 10 codes) with adequate sensitivity (>75%) and specificity (>90%) 6, 7 (Supplementary Table   S3 ). 
| Statistical analysis
We calculated age-and sex-specific incidence rates per 1000
person-years for each immigrant group as well as nonimmigrants.
Each matched participant (immigrant-nonimmigrant pairs) was followed from the index date (set as time zero) until the date of diagnosis of either a DVT or PE or the occurrence of any of the following: (i) emigration from Ontario, (ii) death, or (iii) end of study follow-up, set at December 31, 2014. Due to the possibility of confounding from differential age migration patterns among groups, we also calculated age-standardized IRs per 1000 person-years of observation for each immigrant group. IRs were standardized to the Ontario 2011 census population, 8 by calculating a weight for each age group as a proportion of the total province population.
The overall age-standardized IR was obtained from the sum product of the weighted IRs. Baseline characteristics were compared between all immigrants and nonimmigrant groups using standardized differences, a measure of clinically important differences considered significant when greater than 10%. 9 We calculated 95% confidence intervals (CI) for proportions using the Wilson score 
| RESULTS
| Population characteristics
Between January Table 1 ). The total period of observation for both immigrants and nonimmigrants was over 17 000 000 person-years. The annual number of immigrants included was generally consistent during the study period, and only 0.6% of immigrants were excluded based on the ethnicity algorithm country exclusions. The process for cohort integration is shown in Supplementary Figure S1 .
Overall, the population included was young (mean age 30.4 years), and 48% were male (Tables 1 and 2 ). The predominant immigrant groups were South Asians and East Asians. In comparison with nonimmigrants, more immigrants tended to reside in first or second income quintile areas. No other differences were observed for sex, age distribution or comorbidities.
| Study outcomes
| Incidence rates for venous thromboembolism among immigrants compared to nonimmigrants
The age-specific incidence rates for VTE are shown in Table 3 
| Venous thromboembolism among immigrants
Given the potential confounding from differential immigration age patterns, we calculated sex-and age-standardized IR for all immigrant groups (Figure 2 
| Prevalence of risk factors among patients developing venous thromboembolism
Among those who developed a VTE event, we determined the prevalence of antecedent VTE risk factors. Among all immigrants who developed a VTE, a slightly higher proportion had a previous hospitalization or birth, compared to nonimmigrants (Table 4) .
Among immigrants, those of Black, Arab/Middle Eastern, and South Asian origin had a higher prevalence of a recent birth compared to Whites (Supplementary Table S8 ). In contrast, immigrants from Latin America had a lower prevalence of a previous cancer compared to White immigrants.
| DISCUSSION
The present study is, to the best of our knowledge, the largest evaluation of VTE in immigrants in North America and the one including the largest number of geographically defined ethnic groups. We generated contemporary estimates of the IR and RR of VTE, finding that immigrants of East Asian and South Asian origin are at lower risk of VTE compared to immigrants from predominantly White regions.
We also provide previously unavailable data about VTE incidence among immigrants of Latin American, West Asian, and Arab/Middle Eastern origin.
This study has several strengths. First, we included over 2.2 million people with over 17 000 000 person-years of observation using comprehensive data linked from province-wide and federal administrative databases. We used a previously validated algorithm for identifying VTE events 6,7 and our overall IR for VTE is virtually identical to that reported in two recent Canadian studies in Quebec and Alberta. 11, 12 We used a validated algorithm to determine ethnicity 5 and since Ontario has universal health coverage, with access to diagnostic testing and clinical care for all, it is unlikely that ascertainment of VTE differed between ethnic groups. Additionally, in general there is a high awareness of VTE among medical practitioners, reducing the possibility of recall bias. To assess the contribution of ethnicity defined by region of origin on the epidemiology of VTE, we used the immigrant population only and assessed the RR of VTE with White immigrants serving as the reference group for several reasons. First, a significant proportion of nonimmigrants in Ontario are of non-White ancestry, especially among younger age groups. This information is not available in the administrative databases. Second, immigrants to Canada undergo mandatory health screening which could potentially select healthier individuals than nonimmigrants, the so-called "healthy immigrant effect" which has been described in different settings. 13 Thus, using the nonimmigrant population as comparator is not appropriate.
Potential limitations to this study relate mainly to two issues: (i) the potential for confounding and misclassification which is inherent to all observational studies, and (ii) the potential for statistical errors derived from multiple comparisons. The use of administrative databases is by its mere nature subject to many limitations including the possibility of data inaccuracy, the lack of potentially relevant clinical variables, or other potentially unrealized confounders. Thus, the use of properly validated diagnostic algorithms becomes essential.
Therefore, in this study we used algorithms comprising both diagnostic and procedural codes (i.e, imaging studies codes) with appropriate sensitivity and specificity to try to decrease the possibility of misclassification. 6, 7, 14 In spite of this, there is a possibility that a number of patients might have been missed or erroneously included.
Also, we cannot exclude the possibility that differences observed among ethnic groups may be at least partly related to other unavailable data such as body mass index, tobacco use, or physical activity.
Another important limitation is the possibility of misclassification of ethnicity since a few countries such as the United States and South Africa were included among the White immigrants group. Given the ethnic heterogeneity of these countries, it is possible that immigrants from these and other countries might have been classified in an erroneous group. In this regard however, the concept of ethnicity used in this work should be conceived mainly from a geographical perspective (i.e, ethnic group) rather than a biological one (i.e, race). 15 Also, the individual contributions of specific countries to the total pool of immigrants is small, including those countries whose inclusion in certain ethnic groups might be contentious and thus the effect on the overall estimates is low, and in any case the ethnicity algorithm used has a very high PPV for several ethnic groups, including Whites and Blacks. 5 An additional limitation is the lack of information regarding the time interval between immigration and the occurrence of VTE as well as the time set as the index date used for immigrants which was 182 days after landing. This was however, necessary due to: (i) the mandatory 3-month lag between immigration and the initiation of provincial health coverage, (ii) the need to have a period to capture comorbidities, and (iii) the possibility that including events captured in this period might reflect the existence of prevalent rather than Finally, due to the inclusion of multiple ethnic groups, comparison of characteristics between all ethnic groups poses the problem of multiple comparisons, and our sample size would be underpowered to obtain robust results. Because of this reason, we chose to present differences in predisposing risk factors between different immigrant groups restricted to those patients developing VTE (Table 4 and   Supplementary Table S8 ) to inform of these potential differences.
We found a higher prevalence of recent birth in Black, Arab/Middle Eastern, and South Asian women with VTE compared to that among White immigrants. Additionally, whereas Arab/Middle Eastern and South Asian immigrants had a lower IR of VTE than White women, those of Black ethnicity had a higher risk of VTE. Also, differences in personal or cultural attitudes to medicine and medical problems as approached in Canada, could potentially result in different patterns or behaviors among immigrants for seeking medical attention.
Unfortunately, this is difficult to measure and, although it could potentially result in underreporting of VTE, we believe that it is unlikely given that the prevalence of other comorbidities is similar to, or higher than, those among nonimmigrants, suggesting that both immigrants and nonimmigrants seek medical attention in a similar way. Furthermore, these effects could be different among people from different ethnic origin. In this regard, since we considered a similar observation period for all immigrants, and since the total observation for each person was relatively short, we believe that it is unlikely that the process of acculturation affected our observations. Venous thromboembolism has been considered a disease affecting predominantly White populations. 25 However, in recent years, many studies have been done among a small number of ethnic groups. [26] [27] [28] [29] [30] [31] [32] [33] [34] In general, Asians and Native Americans tended to have the lowest incidence of VTE, 26, [35] [36] [37] [38] [39] whereas several studies mainly conducted in the United States have shown a higher VTE incidence in Blacks. [39] [40] [41] In this study we found a similar IR among immigrants from predominantly risk is far from negligible, particularly among the elderly and confirms the previously known fact that the IR of VTE increases with age. 44 Accordingly, activities aiming to increase the awareness of this disease are justified for all ethnicities. Furthermore, given the lower risk found among the aforementioned groups, it may be necessary to adjust or validate clinical prediction models for VTE diagnosis or recurrence in such groups.
In conclusion, this is the largest study conducted to date evaluating concurrently the risk of VTE in immigrants in America from seven different geographically defined ethnic groups. We found an overall lower risk of VTE among immigrants compared to nonimmigrants and significantly lower risk among immigrants from South Asian and East Asian origin. Further studies evaluating the reasons for these discrepancies are warranted. 
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